Neutrosophy is a recent section of philosophy. It was initiated in 1980 by Smarandache. It was presented as the study of origin, nature, and scope of neutralities, as well as their interactions with different ideational spectra. In this paper, we introduce the notion of single-valued neutrosophic ideals sets in Šostak's sense, which is considered as a generalization of fuzzy ideals in Šostak's sense and intuitionistic fuzzy ideals. The concept of single-valued neutrosophic ideal open local function is also introduced for a single-valued neutrosophic topological space. The basic structure, especially a basis for such generated single-valued neutrosophic topologies and several relations between different single-valued neutrosophic ideals and single-valued neutrosophic topologies, are also studied here. Finally, for the purpose of symmetry, we also define the so-called single-valued neutrosophic relations.
Introduction
The notion of fuzzy sets, employed as an ordinary set generalization, was introduced in 1965 by Zadeh [1] . Later on, using fuzzy sets through the fuzzy topology concept was initially introduced in 1968 by Chang [2] . Afterwards, many properties in fuzzy topological spaces have been explored by various researchers [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Paradoxically, it is to be emphasized that being fuzzy or what is termed as fuzzy topology in fuzzy openness concept is not highlighted and well-studied. Meanwhile, Samanta et al. [14, 15] introduced what is called the graduation of openness of fuzzy sets. Later on, Ramadan [16] introduced smooth continuity, a number of their properties, and smooth topology. Demirci [17] investigated properties and systems of smooth Q-neighborhood and smooth neighborhood alike. It is worth mentioning that Chattopadhyay and Samanta [18] have initiated smooth connectedness and smooth compactness. On the other hand, Peters [19] tackled the notion of primary fuzzy smooth characteristics and structures together with smooth topology in Lowen sense. He [20] further evidenced that smooth topologies collection constitutes a complete lattice. Furthermore, Onassanya and Hošková-Mayerová [21] inspected certain features of subsets of α-level as an integral part of a fuzzy subset topology. Likewise, more specialists in the field like Çoker and Demirci [22] , in addition to Samanta and Mondal [23, 24] , have provided definitions to the concept of graduation intuitionistic openness of fuzzy sets based on Šostak's sense [25] according to Atanassov's [26] intuitionistic fuzzy sets. Essentially, they focused on intuitionistic gradation of openness in light of Chang. On the other hand, Lim et al. [27] examined
(ii) the intersection of {H i } i∈J ( i∈J H i , f or short) is an SVNS in S defined as follows: for every κ ∈ S,
Definition 8 ([52] ). A single-valued neutrosophic topology on S is a map (τ T , τ I , τ F ) : I S → I satisfying the following three conditions:
(SVNT1) τ T (0) = τ T (1) = 1 and τ I (0) = τ I (1) = τ F (0) = τ F (1) = 0,
The pair (X, τ T , τ I , τ F ) is called single-valued neutrosophic topological spaces (SVNTS, f or short). We will occasionally write τ TIF for (τ T , τ I , τ F ) and it will cause no ambiguity.
Single-Valued Neutrosophic Closure Space and Single-Valued Neutrosophic Ideal in Šostak Sense
This section deals with the definition of single-valued neutrosophic closure space. The researchers examine the connection between single-valued neutrosophic closure space and SVNTS based in Šostak sense. Moreover, the researchers focused on the single-valued neutrosophic ideal notion where they obtained fundamental properties. Based on Šostak's sense, where a single-valued neutrosophic ideal takes the form (S, L T , L I , L F ) and the mappings L T , L I , L F : I S → I, where (L T , L I , L F ) are the degree of openness, the degree of indeterminacy, and the degree of non-openness, respectively.
In this paper, S is used to refer to nonempty sets, whereas I is used to refer to closed interval [0, 1] and I o is used to refer to the interval (0, 1]. Concepts and notations that are not described in this paper are standard, instead, S is usually used.
Definition 9.
A mapping C : I S × I 0 → I S is called a single-valued neutrosophic closure operator on S if, for every H, R ∈ I S and r, s ∈ I 0 , the following axioms are satisfied:
The pair (X, C) is a single-valued neutrosophic closure space (S V N CS, f or short). Suppose that C 1 and C 2 are single-valued neutrosophic closure operators on S. Then, C 1 is finer than C 2 , denoted by C 2 ≤ C 1 iff C 1 (H, s) ≤ C 2 (H, s), for every H ∈ I S and s ∈ I 0 . Theorem 1. Let (S, τ TIF ) be an SVNTS. Then, for any H ∈ I S and s ∈ I 0 , we define an operator C τ TIF : I S × I 0 → I S as follows:
Then, (S, C τ TIF ) is an SV N CS.
Proof. Suppose that (S, τ TIF ) is an SVNTS. Then, C 1 , (C 2 ) and (C 4 ) follows directly from the definition of C τ TIF .
Let (X, τ TIF ) be an SVNTS. From (C 2 ), we have
(C 5 ) Suppose that there exists s ∈ I 0 , H ∈ I S , and κ ∈ S such that
It is a contradiction. Thus, C τ TIF (C τ TIF (H, s), s) = C τ TIF (H, s). Hence, C τ TIF is a single-valued neutrosophic closure operator on S. :
Then,
Proof. (SVNT1) Let (S, C) be an SV N CS. Since C((0.1.1), r) = (0.1.1) and C(1, 0, 0), r) = (1, 0, 0) for every s ∈ I 0 , (SVNT1).
(SVNT2) Let (S, C) be an SV N CS. Suppose that there exists H 1 , H 2 ∈ I S such that
There exists s ∈ I 0 such that
In addition, since (1 − H i , r) = 1 − H i by C 2 and C 4 of Definition 9, for any i ∈ {1, 2},
There exists s 0 ∈ I 0 such that
For every i ∈ I, there exists C(H i , s i ) = 1 − H i and s i ∈ I 0 such that
It implies, for all i ∈ I,
It follows that We define the mapping C : I S × I 0 → I S as follows:
Then, C is a single-valued neutrosophic closure operator. From Theorem 2, we have a single-valued neutrosophic topology (τ T C , τ I C , τ F C ) on S as follows:
Thus, the τ TIF C is a single-valued neutrosophic topology on S.
Definition 10.
A single-valued neutrosophic ideal (SVNI) on S in Šostak's sense on a nonempty set S is a family L T , L I , L F of single-valued neutrosophic sets in S satisfying the following axioms:
If L 1 and L 2 are SVNI on S, we say that L 1 is finer than L 2 , denoted by
We will occasionally write L TIF , L TIF i , and L TIF :
Remark 1. The conditions (L 2 ) and (L 3 ), which are given in Definition 10, are equivalent to the following axioms: 
Then, L TIF is an SVNI on S. 
Single-Valued Neutrosophic Ideal Open Local Function in Šostak Sense
In this section, we study the single- 
A single-valued neutrosophic point x s,t,p is said to belong to a single-valued neutrosophic set
We indicate the set of all single-valued neutrosophic points in S as SVNP(S ).
For every x s,t,p ∈ SVNP(S ) and H ∈ I S we shall write x s,t,p quasi-coincident with H, denoted by x s,t,p qH, if 
Occasionally, we will write H r for H r (τ TIF , L TIF ) and it will have no ambiguity. 
If we take L TIF = L TIF 0 , for each H ∈ I S we have H r = C τ TIF (H, r). 
Proof. (1) Suppose that H ∈ I S and H r ≤ R r . Then, there exists κ ∈ S and s, t, p ∈ I 0 such that
Since
Since H ≤ R,
and F H r (κ) ≥ p and we arrive at a contradiction for Equation (1) . Hence, H r ≤ R r .
(2) Suppose H r (L TIF 1 , τ TIF ) ≥ H r (L TIF 2 , τ TIF ). Then, there exists s, t, p ∈ I 0 and κ ∈ S such that
This is a contradiction for Equation (2) . Hence, H r ((L TIF 1 , τ TIF )) ≥ H r ((L TIF 2 , τ TIF )). (H, r) . Then, there exists s, t, p ∈ I 0 and κ ∈ S such that
Therefore, by Lemma 1, x s,t,p ∈ C τ TIF (H, r) which is a contradiction for Equation (3). Hence, r) . Then, there exists s, t, p ∈ I 0 and κ ∈ S such that
It is a contradiction for (4). Thus, H r ≥ C τ TIF (H r , r).
(4) (⇒) Can be easily established using standard technique.
Then, there exists s, t, p ∈ I 0 and κ ∈ S such that
So, there exists D 1 ∈ Q τ TIF (x s,t,p , r) such that for every κ 1 ∈ S and for some L T (C 1 ) ≥ r,
Similarly, there exists D 2 ∈ Q τ TIF (x s,t,p , r) such that for every κ 1 ∈ S and for some L T (C 2 ) ≥ r,
Therefore, T (H∪R) r (κ) < s, I (H∪R) r (κ) ≥ t, and F (H∪R) r (κ) ≥ p. So, we arrive at a contradiction for (5) . Hence, (H r ∪ R r ) ≥ (H ∪ R) r . (6), (7) , and (8) can be easily established using the standard technique. Define τ TIF , L TIF : I X → I as follows: 
Proof. (1) Since H i ≤ H i for all i ∈ J, and by Theorem 3 (1), we obtain ( (H i ) r , i ∈ J) ≤ ( H i , i ∈ J) r . Then, (1) holds.
(2) Easy, so omitted.
Remark 3. Let (S, τ TIF , L TIF ) be an SVNITS and H ∈ I S , we can define
It is clear, C τ TIF is a single-valued neutrosophic closure operator and (τ T (L T ), τ I (L I ), τ F (L F ) is the single-valued neutrosophic topology generated by C τ TIF , i.e.,
Proposition 3. Let (S, τ TIF , L TIF ) be an SVNITS, r ∈ I 0 , and H ∈ I S . Then,
(1) C τ TIF (1, r) = 1;
(2) C τ TIF (0, r) = 0;
Proof. Follows directly from definitions of C τ TIF , int τ TIF , C τ TIF , and Theorem 3 (5) . 
It is a contradiction for Equation (6) . (1) β T (1) = 1 and β I (1) = β F (1) = 0;
(2) For all H,R ∈ Θ, Then, β TIF is a base for the single-valued neutrosophic topology τ TIF .
Proof.
(1) Since L T (0) = 1 and L I (0) = L F (0) = 0, we have β T (1) = 1 and β I (1) = β F (1) = 0;
(2) Suppose that there exists H 1 , H 2 ∈ Θ such that
There exists s, t, p ∈ I 0 and κ ∈ S such that
Hence, from Definition 14, we have
It is a contradiction for Equation (7) . Thus,
1 ∩L F 2 ,τ F ) (κ) > t and this is a contradiction for Equation (8) . So that
On the opposite direction, L TIF 
(2) Straightforward.
The above theorem results in an important consequence. τ TIF (L TIF ) and [τ TIF (L TIF )] (L TIF ) (in short τ ) are equal for any single-valued neutrosophic ideal on S. be two single-valued neutrosophic ideals on S. Then, for any H ∈ I S and r ∈ I 0 , 
Definition 16. Let {R j } j∈J be an indexed family of a single-valued neutrosophic set of S such that R j qH for each j ∈ J, where H ∈ I S . Then, {R j } j∈J is said to be a single-valued neutrosophic quasi-cover of H iff
Further, let (S, τ TIF ) be an SVNTS, for each τ T (R j ) ≥ r, τ I (R j ) ≤ 1 − r, and τ F (R j ) ≤ 1 − r. Then, any single-valued neutrosophic quasi-cover will be called single-valued neutrosophic quasi open-cover of H. Theorem 9. Let (S, τ TIF ) be an SVNTS with single-valued neutrosophic ideal L TIF on S. Then, the following conditions are equivalent:
(1) τ ∼ L.
(2) If for every H ∈ I S has a single-valued neutrosophic quasi open-cover of {R j } j∈J such that for each j, T H (κ)
for every κ ∈ S and for some L T (C) ≥ r, L I (C) ≤ 1 − r, and L F (C) ≤ 1 − r, then L T (H) ≥ r, Proof. It is proved that most of the equivalent conditions ultimately prove the all the equivalence.
(1)⇒(2): Let {R j } j∈J be a single-valued neutrosophic quasi open-cover of H ∈ I S such that for j ∈ J, T H (κ)
for every κ ∈ R and for some L T (C) ≥ r, L I (C) ≤ 1 − r, and L F (C) ≤ 1 − r. Therefore, as {R j } j∈J is a single-valued neutrosophic quasi open-cover of R, for each x s,t,p ∈ H, there exists at least one R j• such that x s,t,p qR j• and for every κ ∈ S,
and F H (κ) + F R j• (κ) − 1 > F C (κ) for every κ ∈ S and for some L T (C) ≥ r, L I (C) ≤ 1 − r and L F (C) ≤ 1 − r. Obviously, R j• ∈ Q τ TIF (x s,t,p , r). By (1), we have L T (H) ≥ r, L I (H) ≤ 1 − r, and L F (H) ≤ 1 − r.
(2)⇒(1): Clear from the fact that a collection of {R j } j∈J , which contains at least one R j• ∈ Q τ T IF (x s,t,p , r) of each single-valued neutrosophic point of H, constitutes a single-valued neutrosophic quasi-open cover of H.
(1)⇒(3): Let H ∩ H r = (0, 1, 1), for every κ ∈ S, x t ∈ H implies x s,t,p ∈ H r . Then, there exists D ∈ Q τ TIF (x s,t,p , r) and L T (C) ≥ r, L I (C) ≤ 1 − r, L F (C) ≤ 1 − r such that for every κ ∈ S,
(3)⇒(1): For every x s,t,p ∈ H, there exists D ∈ Q τ TIF (x s,t,p , r) such that for every κ ∈ S,
This implies x s,t,p ∈ H r . Now, there are two cases: either H r = (0, 1, 1) 
Therefore, x s,t,p ∈ H r implies that H r = (0, 1, 1) or H r = (0, and for each L T (C) ≥ r, L I (C) ≤ 1 − r, L F (C) ≤ 1 − r, there is at least one κ ∈ S such that (4) . So, C τ TIF (R, r) = R ∪ R r = R. That means τ T (1 − R) ≥ r, τ I (1 − R) ≤ 1 − r, and τ F (1 − R) ≤ 1 − r. Therefore, by (5), we have L T (R) ≥ r, L I (R) ≤ 1 − r, and L F (R) ≤ 1 − r.
Once again, for any x s,t,p in SV NP(X), x s,t,p ∈ R r implies x s,t,p ∈ R but x s,t,p ∈ R r = H r So, as B = H ∨ H r , x s,t,p ∈ H. Now, by hypothesis about H. Then, for any x s,t,p ∈ H r . So, R = H. Hence, L T (H) ≥ r, L I (H) ≤ 1 − r, and L F (H) ≤ 1 − r, i.e., τ TIF ∼ L TIF . Theorem 10. Let (S, τ TIF ) be an SVNTS with single-valued neutrosophic ideal L TIF on S. Then, the following are equivalent and implied by τ ∼ L.
(1) For every H ∈ I S , H ∧ H r = (0, 1, 1) implies H * r = (0, 1, 1); (2) For any H ∈ I S , H r = (0, 1, 1);
(3) For every H ∈ I S , H ∧ H r = H r .
Proof. Clear from Theorem 9.
The following corollary is an important consequence of Theorem 10.
Corollary 3.
Let τ TIF ∼ L TIF . Then, β(τ TIF , L TIF ) is a base for τ TIF and also β(τ TIF , L TIF ) = τ TIF . Definition 17. Let H, R ∈ SVNS on S. If H is a single-valued neutrosophic relation on a set S, then H is called a single-valued neutrosophic relation on B if, for every κ, κ 1 ∈ S, T R (κ, κ 1 ) ≤ min(T H (κ), T H (κ 1 )), I R (κ, κ 1 ) ≥ max(I H (κ), I H (κ 1 )), and F R (κ, κ 1 ) ≥ max(F H (κ), F H (κ 1 )). In the purpose of symmetry, we can replace Definition 3 with Definition 17.
Conclusions
In this paper, we defined a single-valued neutrosophic closure space and single-valued neutrosophic ideal to study some characteristics of neutrosophic sets and obtained some of their basic properties. Next, the single-valued neutrosophic ideal open local function, single-valued neutrosophic ideal closure, single-valued neutrosophic ideal interior, single-valued neutrosophic ideal open compatible, and ordinary single-valued neutrosophic base were introduced and studied.
Discussion for further works:
We can apply the following ideas to the notion of single-valued ideal topological spaces.
(a) The collection of bounded single-valued sets [53] ; (b) The concept of fuzzy bornology [54] ; (c) The notion of boundedness in topological spaces. [54] .
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